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Abstract The Antarctic Slope Front (ASF) modulates ventilation of the abyssal ocean via the export
of dense Antarctic Bottom Water (AABW) and constrains shoreward transport of warm Circumpolar
Deep Water (CDW) toward marine-terminating glaciers. Along certain stretches of the continental shelf,
particularly where AABW is exported, density surfaces connect the shelf waters to the middepth
Circumpolar Deep Water oﬀshore, oﬀering a pathway for mesoscale eddies to transport CDW directly onto
the continental shelf. Using an eddy-resolving process model of the ASF, the authors show that mesoscale
eddies can supply a dynamically signiﬁcant transport of heat and mass across the continental shelf break.
The shoreward transport of surface waters is purely wind driven, while the shoreward CDW transport is
entirely due to mesoscale eddy transfer. The CDW ﬂux is sensitive to all aspects of the model’s surface
forcing and geometry, suggesting that shoreward eddy heat transport may be localized to favorable
sections of the continental slope.
1. Introduction
The Antarctic continental shelf is almost completely encircled by the Antarctic Slope Front (ASF) [Jacobs,
1991]. The exchange of water masses across the ASF is critical to the global ocean circulation and the
stability of the Antarctic ice sheet. Antarctic Bottom Water (AABW) exported from the continental shelves
of the Weddell and Ross Seas supplies the deepest branch of the global overturning circulation [Orsi et al.,
1999; Lumpkin and Speer, 2007]. AABW ﬁlls around 50% of the subsurface ocean [Gebbie and Huybers, 2011],
“ventilating” the abyssal ocean with relatively oxygen rich waters [Orsi et al., 2001]. This abyssal circulation
stores around 30 times as much carbon as the atmosphere, so small changes in AABW export could sub-
stantially alter the atmospheric/oceanic partitioning of CO2 [Skinner et al., 2010]. Meanwhile, the transport
of relatively warm Circumpolar Deep Water (CDW) onto the continental shelf supplies the heat needed to
maintain coastal polynyas and melt the bases of the Antarctic ice shelves [Nicholls et al., 2009; Hattermann
et al., 2014]. In the Bellingshausen and Amundsen Seas, there is no distinguishable ASF, and CDW ﬂoods the
local ice shelf cavities. The observed retreat of the region’s marine-terminating glaciers has been attributed
to changes in the thickness or depth of this CDW layer [Jacobs et al., 2011; Schmidtko et al., 2014].
Several recent studies have highlighted that mesoscale eddies could make an important contribution to
exchanges across the Antarctic shelf break. For example, Nøst et al. [2011] and Hattermann et al. [2014]
showed that eddies carry CDW across the shelf break and beneath Fimbul ice shelf. St-Laurent et al. [2013]
showed that the presence of a coastal trough in the Bellingshausen Sea continental shelf can enhance
the heat transport to the adjacent ice shelves by accumulating warm anticyclonic eddies from oﬀshore.
Nakayama et al. [2014] showed that eddies carry newly formed AABW across the continental slope from a
coastal polynya oﬀ Cape Darnley, in East Antarctica. In a more general conﬁguration, Stewart and Thompson
[2012, 2013] showed that the Antarctic continental slope suppresses mesoscale eddies, resulting in a strong
sensitivity of the AABW export to the Antarctic easterly winds. However, the warm, middepth CDW layer is
absent in these buoyancy-only simulations.
The present study is motivated by stretches of the Antarctic continental shelf over which AABW is formed
and exported, particularly the western Weddell Sea [Thompson and Heywood, 2008]. In such regions, the
export of dense water onto the continental slope modiﬁes the stratiﬁcation in such a way that density
surfaces, or isopycnals, directly connect the shelf waters with the CDW oﬀshore [Nicholls et al., 2009].
This isopycnal connection oﬀers a route for CDW to cross onto the continental shelf via the action of
mesoscale eddies, as illustrated in Figure 1a. Recent glider observations capture this process in the
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Figure 1. (a) Schematic cross section of the Antarctic Slope Front (ASF), which separates the continental shelf waters
from the warm Circumpolar Deep Water (CDW) at middepth oﬀshore. In regions of Antarctic Bottom Water (AABW)
outﬂow, such as the western Weddell and Ross Seas, isopycnal surfaces connecting the shelf waters to CDW may
facilitate onshore heat transport and AABW export via the action of mesoscale eddies. (b) Schematic proﬁles of ocean
depth and along-shore surface wind stress used in our process model, highlighting several of the parameters varied
in our sensitivity study. (c, d) Snapshots of the potential temperature and salinity in our reference ASF process model,
described in the text. Eddy boluses of warm CDW are visible crossing the shelf break in Figure 1c.
northwest Weddell Sea [Thompson et al., 2014]. In this article we test the hypothesis that these stretches
of the ASF support a dynamically important shoreward eddy transport of CDW, and thus heat. We further
investigate how the ASF’s structure and cross-slope exchange are shaped by local conditions along various
stretches of the Antarctic continental slope. We approach this problem by constructing a high-resolution,
eddy-resolving process model of the ASF, described in section 2. In section 3, we explore the sensitivity of
the ASF’s cross-slope transport and structure to various aspects of the surface forcing, continental slope
geometry, and numerical discretization. In section 4, we discuss the implications of our results and the
outlook for further research.
2. An Eddy-ResolvingModel of the ASF
The conﬁguration of our model study is strongly constrained by the requirement that mesoscale eddy
motions be adequately resolved. In section 3 we show that a horizontal grid spacing of 1 km or ﬁner is
needed to capture the shoreward transport of CDW. It is also important that each simulation reaches a
statistically steady state, as otherwise the results could be strongly dependent on arbitrary choices made in
setting the initial conditions [cf. St-Laurent et al., 2013]. To adequately explore the physical controls on the
cross-slope transport, it is also necessary to explore a wide range of simulation parameters, which multiplies
the computational burden. These constraints motivate the use of an idealized model conﬁguration in a
small domain. Yet a realistic representation of the water masses is desirable for the purpose of comparison
with the real ocean, and because it allows characterization of water mass transformation between neutral
density classes [Jackett and McDougall, 1997]. The latter is important because across the ASF there is often
no potential density that is stably stratiﬁed, due to nonlinearities in the equation of state.
Our compromise between these constraints is illustrated in Figures 1c and 1d, which shows an isometric
view of the instantaneous potential temperature and salinity in our reference simulation. The potential
STEWART AND THOMPSON ©2014. American Geophysical Union. All Rights Reserved. 433
Geophysical Research Letters 10.1002/2014GL062281
Table 1. Model Parameters Varied in Our Sensitivity Studya
Parameter Description Reference Range
𝜏max Wind stress maximum 0.075Nm
−2 0–0.1Nm−2
Σpolynya Polynya salt input 2.5 × 10−3 gm−2 s−1 1.5–3.5 × 10−3 gm−2 s−1
Hshelf Continental shelf depth 500m 300–700m
Wslope Continental slope width 150 km 50–250 km
Lwind Wind stress max oﬀset 25 km −75–125 km
Δx Model grid spacing 1 km 0.5–10 km
aReference values are used in our reference simulation, shown in Figures 1c and 1d.
Range indicates the variation of each parameter in our sensitivity study, with all other
parameters held constant and equal to their reference values.
temperature most clearly distinguishes the surface freshwater layer, which we refer to for simplicity as
Antarctic Surface Water (AASW), from the warm, salty CDW at middepth and the cold, fresh AABW outﬂow
along the ocean bed. The AASW/CDW boundary forms a characteristic “V”-shape over the continental slope,
which supports a surface-intensiﬁed slope current that ﬂows with the shelf break to the left (see Figure S1
in the supporting information). Eddy stirring of the CDW onto the continental shelf is visible in the potential
temperature snapshot. The salinity snapshot highlights the presence of large (50–100 km) mesoscale eddies
in the deep ocean and the generation of energetic submesoscale eddies over the continental shelf. The
eddies are less evident over the continental slope, where they are suppressed by the strong topographic
vorticity gradient [Isachsen, 2011; Stewart and Thompson, 2013].
We conducted our simulations using the MIT general circulation model (MITgcm) [Marshall et al., 1997a,
1997b], which we conﬁgured in a 450 km (across-slope) by 400 km (along-slope) by 3000 m (depth)
reentrant channel, as indicated in Figure 1d. The bathymetry is symmetric in the along-shore direction, while
in the across-shore direction, it follows a tanh-like proﬁle characterized by a minimum depth Hshelf = 500m,
a maximum depth Hdeep = 3000m, and a slope of widthWslope = 150 km. This proﬁle is plotted in Figure 1b.
The slope is centered at y = Yslope = 200 km, where y is the cross-slope Cartesian coordinate with y = 0 at
the shoreward boundary. The domain lies on an f plane with Coriolis parameter f0 = −1.31 × 10−4 rad s−1.
Away from the shoreward boundary (y>50 km) we impose a steady, along-shore surface wind stress,
oriented such that the continental shelf lies to the left of the winds. The wind stress has a piecewise-
sinusoidal proﬁle, vanishing at y=50 km and y=450 km. The wind stress maximum of 𝜏max=0.075 N m−2
is oﬀset from the center of the continental slope by an oﬀshore distance of Lwind = 25 km. This proﬁle is
plotted in Figure 1b. To parametrize thermodynamic exchanges with sea ice we also impose a uniform,
static, 1m thick layer of sea ice with a concentration of 100%. The ocean surface is then subject to surface
heat and salt ﬂuxes according to the two-equation model of Schmidt et al. [2004]. At the ocean bed we
extract the surface-input momentum via a linear drag with coeﬃcient rb = 1 × 10−3 m s−1.
To drive water mass transformation on the continental shelf we prescribe a uniform salt input of Σpolynya =
2.5 × 10−3 gm−2 s−1 over the shoreward 50 km of the domain, crudely parametrizing brine rejection in a
coastal polynya. This corresponds to sea ice formation at a rate of around 1 cm s−1, an order of magnitude
smaller than the real Ronne polynya, but over an area that is an order of magnitude larger [Haid and
Timmermann, 2013]. We do not impose any surface thermal forcing in this region. We found it necessary to
impose this additional, explicit sink of buoyancy on the continental shelf in order to achieve a statistically
steady state in our reentrant domain. If Σpolynya is too small (≲ 1.5 × 10−3 gm−2 s−1), then AABW is still
produced by virtue of the sea ice-like thermodynamic forcing at the ocean surface, but the AABW outﬂow
enters a spurious decadal periodic cycle in which the shelf waters are gradually densiﬁed until they can sink
to the ocean bed.
At the oﬀshore edge of the domain, we restore a 50 km wide layer to a potential temperature and salinity
proﬁle that is representative of the Weddell Sea, with a timescale of 56 days. The selected proﬁle is based
on observations from Thompson and Heywood [2008], but smoothed to remove small-scale noise and
interpolated to remove the surface AASW layer and the deep layer of AABW: this ensures that neither the
model’s AASW nor its AABW are artiﬁcially imposed by the restoring. The restoring timescale varies linearly
from zero at y = 400 km to 56 days at y = 450 km. We similarly restore the velocity to zero in this region to
avoid the development of a spurious jet at the northern wall, using a shorter restoring timescale of 28 days.
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Figure 2. Sensitivity of cross-slope transports of Antarctic Surface Water (FAASW), Circumpolar Deep Water (FCDW),
and Antarctic Bottom Water (FAABW), which are sketched in Figure 1 and deﬁned in section 3, to surface forcing and
bathymetry. The panels show the sensitivity to (a) the wind stress maximum amplitude 𝜏max, (b) the brine rejection
rate on the continental shelf Σpolynya, (c) the depth of the continental shelf Hshelf, (d) the width of the continental
slope Wslope, (e) the oﬀset of the wind stress maximum from the center of the continental slope (Lwind), and (f ) the
model’s horizontal grid spacing Δx . Figure 2a also shows the theoretical wind-driven southward surface Ekman transport
(FEkman = 𝜏max∕𝜌0|f0|, dashed curve), which agrees closely with the shoreward transport of AASW.
The horizontal grid spacing is Δx=1 km, and there are 53 vertical grid boxes with heights ranging from
13 m at the surface to 100 m at the ocean bed. The numerical time step is Δt=179 s. Advection of
temperature and salinity is performed using a second-order moment advection scheme [Prather, 1986]
in order to minimize spurious numerical mixing [Hill et al., 2012]. For numerical stability, we apply a
horizontal Laplacian viscosity of 12m2 s−1 and a vertical Laplacian viscosity of 3×10−4 m2 s−1. We also
employ a horizontal biharmonic viscosity with Courant-Friedrichs-Lewy number 0.1, and biharmonic Leith
and modiﬁed-Leith viscosities [Fox-Kemper and Menemenlis, 2008] with coeﬃcients both equal to 1. The
only explicit mixing of potential temperature and salinity is via a vertical diﬀusivity of 5 × 10−6 m2 s−1. This
mixing is supplemented by the K Proﬁle Parametrization (KPP) [Large et al., 1994], which enforces a surface
mixed layer of at least 50m depth. The ocean’s equation of state is computed using the numerically eﬃcient
algorithm ofMcDougall et al. [2003].
3. Sensitivity to Surface Forcing and Continental SlopeGeometry
To investigate the dynamical controls on the cross-slope transports of AASW, CDW, and AABW, we conduct
a series of sensitivity experiments varying the wind stress maximum 𝜏max, the polynya salt forcing Σpolynya,
the shelf depth Hshelf, the continental slope widthWslope, the wind stress oﬀset Lwind, and the grid spacingΔx
(Figure 2). These parameter variations are summarized in Table 1. In each parameter conﬁguration, we ﬁrst
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Figure 3. Comparison between simulated and observed potential temperature (colors) and neutral density (black contours). (a–d) Time- and along-shore-mean
properties in our process model for a range of surface wind stress maxima. (e–h) Cross-slope hydrographic sections from the eastern Somov Sea [Gordon et al.,
2004], the western Weddell Sea [Thompson and Heywood, 2008], the Bellingshausen Sea, and the eastern Weddell Sea [Orsi and Whitworth, 2005]. Vertical white
dashed lines indicate cast locations. (i) Map of the 1000m depth contour around Antarctica (black) [Amante and Eakins, 2009] with selected hydrographic sections
(red). For each section we estimated the local wind stress 𝜏 directed along the 1000m depth contour from the CORE.v2 data set [Large and Yeager, 2009].
integrate the model at 2 km horizontal resolution until the total mean energy and eddy kinetic energy (EKE)
reach a statistically steady state, typically requiring around 40 years. We then interpolate the instantaneous
model state onto a 1 km grid and continue the integration until the steady state is reestablished, typically a
further 5–20 years. We derive our results using averages over the ﬁnal 5 years of model integration.
We ﬁnd that the cross-slope transport can consistently be partitioned into a shoreward ﬂux of AASW (FAASW),
a shoreward ﬂux of CDW (FCDW), and an oﬀshore ﬂux of AABW (FAABW=FAASW + FCDW), as illustrated in
Figure 1. To diagnose these ﬂuxes we ﬁrst compute the model’s overturning circulation stream function 𝜓 ,
which is most accurately calculated using the ﬂuxes within density surfaces [Döös and Webb, 1994; Stewart
and Thompson, 2012]. In general, there is no choice of potential density that increases monotonically
STEWART AND THOMPSON ©2014. American Geophysical Union. All Rights Reserved. 436
Geophysical Research Letters 10.1002/2014GL062281
with depth, whereas neutral density is stably stratiﬁed almost everywhere [Jackett and McDougall, 1997]. To
avoid the heavy computational burden associated with computing neutral density throughout the domain
at frequent time intervals, we use the Transformed Eulerian Mean based on the locally referenced potential
density at each depth [McIntosh and McDougall, 1996], which closely approximates the mean isoneutral
ﬂuxes computed from the daily averaged model output (see supporting information Figure S2). Note that
the along-shore periodicity of our model domain makes this calculation possible: it is not possible to derive
a closed overturning stream function in a regional model due to the open boundaries.
In each case we compute FAABW following Stewart and Thompson [2012]: we ﬁrst identify all oﬀshore-ﬂowing
streamlines that connect the shelf break (y=100 km) continuously to the edge of the sponge region
(y=400 km). Then we deﬁne FAABW as the maximum strength of overturning stream function 𝜓 over all
such streamlines. This excludes any streamlines that form closed loops in the interior of the domain, and
therefore do not contribute to the net export of AABW. We similarly deﬁne FCDW using shoreward ﬂowing
streamlines for salinities greater than S=34.543 g kg−1 and ﬁnally calculate FAASW=FAABW − FCDW. This
calculation procedure is illustrated in the supporting information Figure S2. In our reference simulation, we
obtain FAASW=0.20 Sv, FCDW=0.07 Sv and FAABW=0.27 Sv. Note that these transports appear small because
our domain spans an along-shore distance of only 400 km.
The shoreward transport of AASW varies almost linearly with the wind stress maximum 𝜏max but is
insensitive to all of the other model parameters varied in this study. In Figure 2a, we demonstrate that
FAASW is closely predicted by the theoretical maximum shoreward wind-driven Ekman transport, FEkman =
𝜏max∕𝜌0|f0|. This indicates that the shoreward AASW transport is wind driven, with diabatic transformations
in the surface layer supported by heat and salt exchanges with the sea ice. Our reentrant domain cannot
support a geostrophic shoreward transport, so the shoreward ﬂux of CDW in the ocean interior is
accomplished by mesoscale eddy transport [cf.Marshall and Radko, 2003]. An interior shoreward mean ﬂow
can also be supported by eddy momentum ﬂux divergence [e.g., Spall, 2013], but this mechanism makes
a negligible contribution to the cross-slope transport in our model. Figure 2a shows that FCDW decreases
almost linearly with 𝜏max, in such a way that the AABW export FAABW remains approximately unchanged,
varying by around 20% over the range of wind stresses considered here. By contrast, in Figures 2b–2f, the
AABW export is sensitive to all other aspects of the model forcing, geometry, and discretization and that
this sensitivity is almost entirely due to changes in the shoreward CDW transport FCDW; the shoreward AASW
transport is essentially ﬁxed by 𝜏max. Remarkably, varying any one of the six parameters selected for this
sensitivity study can shift the ASF from a regime in which almost no CDW crosses the shelf break to one
in which FCDW is comparable to FAASW.
The sensitivity of FCDW to each individual parameter may be understood as follows. Increasing 𝜏max steepens
the isopycnals in the ASF, deepening the pycnocline at the shelf break until CDW can no longer mix across
it (see Figure 3). Increasing Σpolynya increases the input of available potential energy on the continental
shelf, which is partly released as EKE on the continental shelf and slope, enhancing the rate of eddy CDW
transport. Note that the isopycnals close to the ocean bed over the continental slope are shoaled to the
south (see Figure 3), so both the surface wind stress and mesoscale eddies serve to extract available
potential energy (APE), and thus, the APE must be sourced from Σpolynya. Increasing Hshelf deepens the
continental shelf, allowing more CDW isopycnals to connect with the shelf waters. Increasing Wslope
reduces the topographic potential vorticity gradient, allowing the slope to support larger eddies that
transport CDW shoreward more rapidly. Shifting the surface wind stress maximum simply changes the
eﬀective wind stress over the continental slope, which in turn modiﬁes FCDW by changing the pycnocline
depth at the shelf break. Finally, reducing the numerical grid spacing Δx resolves baroclinic instabilities
at shorter wavelengths, which increases the conversion of potential energy to EKE on the continental
slope, and thus enhances the eddy transport of CDW. We ﬁnd that there is no further increase in FCDW for
Δx ≤ 1 km because at this point the model resolves the ﬁrst Rossby radius of deformation, which is around
4 km on the continental slope.
Of all of the parameters examined in this study, the ASF’s structure and transport are particularly sensitive
to the along-slope wind stress. Our simulations suggest that much of the regional variation in the structure
of the ASF can be explained by the local along-shore winds. To illustrate this idea, in Figures 3a–3d, we
plot the simulated time- and along-shore-mean potential temperature and neutral density obtained for
increasing wind strengths 𝜏max, with all other aspects of the model conﬁguration held ﬁxed. Figures 3e–3h
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show hydrographic sections from the Bellingshausen, Somov, and Weddell Seas that are subject to
a comparable mean wind stress along the 1000m depth contour [Amante and Eakins, 2009]. In each case
we computed the average along-slope wind stress along a ∼300 km stretch of the 1000m depth contour,
using the CORE.v2 surface wind stress data [Large and Yeager, 2009] averaged between 1996 and 2006.
Note that this data set does not account for sea ice, which can enhance the ocean surface wind stress by
up to 50% [e.g., Fujisaki et al., 2010]. Our idealized model has not been tailored to simulate these sections
of the ocean, and consequently there are several clear diﬀerences between the simulations and the
observations, most obviously the presence of AABW in Figures 3a and 3d. The agreement is arguably worst
for the Bellingshausen (Figures 3a and 3e), where the overturning circulation is fundamentally diﬀerent, with
a warm inﬂow along the ocean bed on the continental shelf and surface outﬂow of fresh water from the
ice shelves [e.g., Potter et al., 1988]. However, the striking qualitative agreement in the isopycnal structure
over the continental slope and the penetration of CDW onto the continental shelf suggests that the local
along-shore wind stress controls the pycnocline depth at the shelf break and thereby limits the eddy-driven
shoreward CDW transport.
4. Discussion
This study elucidates the dependence of the ASF’s structure and cross-slope transport on various aspects
of the local surface forcing and continental shelf geometry. If we regard our model as a conceptual
representation of the mean cross-slope exchanges around the entire ∼20, 000 km length of Antarctica’s
1000m depth contour [Amante and Eakins, 2009], then our reference simulation predicts a total shoreward
CDW transport of around 3.5 Sv. Using a typical CDW potential temperature of 0◦C over the continental
slope, we estimate that this corresponds to a shoreward heat transport, relative to the surface freezing
temperature of ∼−1.8◦C, of around 25 TW. Though this estimate is oversimpliﬁed, it supports the
hypothesis that mesoscale eddies transfer CDW across the Antarctic shelf break at a dynamically signiﬁcant
rate. A comparable calculation for the AASW yields a shoreward transport of around 10 Sv, but essentially
zero heat transport because this layer is so close to the freezing temperature. Note that in the real ocean,
surface warming during the austral summer does produce a wind-driven shoreward heat transport in the
AASW layer [Zhou et al., 2014].
A distinguishing feature of our model is that it fully resolves mesoscale eddies, as demonstrated by Figure 2f,
and achieves a statistically steady state in all simulations. Comparable previous studies of the Antarctic
shelf break have conﬁgured eddy-resolving models as initial value problems [e.g., Nøst et al., 2011; St-Laurent
et al., 2013; Nakayama et al., 2014; Zhou et al., 2014], which may introduce an arbitrary dependence on the
models’ initial conditions. However, it was necessary to idealize certain aspects of our simulations, and our
results should be interpreted with these limitations in mind. In particular, we omit lateral variations, such
as canyons and ridges, that can support mean geostrophic ﬂows onto the continental shelf [Nicholls et al.,
2009]. Our treatments of the surface wind stress, ocean-sea ice interaction, and dense water production on
the continental shelf are simplistic and omit any representation of the coastal ocean’s pronounced seasonal
cycle [Jacobs, 2004]. As a result our model cannot represent the role of Antarctic gyre circulations and the
Antarctic Circumpolar Current in shaping the ASF, relying solely on local surface wind forcing. Importantly,
we have also neglected the inﬂuence of tidal mixing and transport, which is particularly pronounced on
continental slopes and has been shown to induce a substantial shoreward transport of CDW in the western
Ross Sea [Wang et al., 2013]. Despite these shortcomings, our model qualitatively captures the structure of
the real ASF in various regions (see Figure 3).
A key result of our sensitivity study is that the ASF’s cross-slope transport can be partitioned into a purely
wind-driven shoreward transport of surface waters (FAASW in Figure 1), an interior eddy transport of CDW
(FCDW), and an export of AABW along the ocean bed (FAABW). The eddy-driven shoreward transport of CDW
is sensitive to all aspects of the model’s forcing, geometry, and grid resolution considered in this study.
Changing any one of the wind stress maximum, salt input on the continental shelf, continental shelf depth,
continental slope width, or wind stress position can essentially shut oﬀ the shoreward transport of CDW.
Given that these parameters vary substantially around the Antarctic margins, it is likely that the shoreward
eddy transport of CDW is localized to favorable sections of the continental slope. The dependence of FCDW
on each of the model parameters is physically intuitive, as set out in section 3. However, these arguments do
not satisfactorily explain the response of the eddy kinetic energy over the slope (not shown), which is closely
related to the rate of eddy transfer of mass and tracers [e.g., Ferrari and Nikurashin, 2010]. To understand this
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comprehensively requires a careful analysis of the energetics over the continental slope; this is the subject
of ongoing work.
We emphasize that the eddy transport of CDW is completely absent even at a numerical grid spacing
as ﬁne as 5 km and is underestimated by close to 50% even at 2 km resolution. St-Laurent et al. [2013]
similarly found that a 1 km horizontal resolution was required to adequately resolve eddies on the
continental shelf. This corresponds to a longitudinal resolution of around 1∕48◦, which would incur an
excessive computational cost in any global ocean model; even the Southern Ocean State Estimate uses only
1∕6◦ resolution [Mazloﬀ et al., 2010]. In models coarser than this 1∕48◦ cutoﬀ, the cross-slope eddy transfer
coeﬃcient must be parametrized carefully to ensure that the shelf water masses are accurately represented
[Stewart and Thompson, 2013].
Our model’s sensitivity to the along-shore wind stress, shown in Figure 2a, and the qualitative agreement
between the observed and modeled ASF structure at various wind strengths, shown in Figure 3, suggest
that the Antarctic easterlies exert substantial inﬂuence over transport and mixing across the continental
shelf break [cf. Stewart and Thompson, 2012]. This implies that past and future changes in the along-shore
winds could substantially alter the exchanges of mass, heat, salt, and biogeochemical tracers across the
Antarctic shelf break, with potentially dramatic implications for the ocean’s abyssal circulation, ventilation,
and carbon storage [Jacobs, 2004]. Consistent with our ﬁndings, Spence et al. [2014] have shown that a
southward shift of the midlatitude westerlies, weakening the Antarctic easterlies, warms the Antarctic
subsurface coastal waters by up to 2◦C due to weakening of the shoreward surface Ekman transport.
Further work is required to quantify the contribution of the along-shore winds to the variety of ASF
structures observed around the Antarctic margins.
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